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Chlamydomonas reinhardtii chloroplast Sulfate Permease (SidP) gene structure 
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C. reinhardtii chloroplast Sulfate Pennease (SulP) amino acid sequence 

MERVCSHQLASSRGRPCIAGVQRSPIRLGTSSVAHVQVSPAGLGRYQRQRLQWA SAAAA 
AAFDPPGGVSAGFSQPQQQLPQQHPRQPQAVAEVAVAESVSAPASAAPSNDGSPTASMDG 
GPSSGLSAVPAAATATDLFSAAARLRLPNLSPIITWTFMLSYMAFMLIMPITALLQKASL 
VPLNVFIARATEPVAMHAYYVTFSCSLIAAAINCVFGFVLAWVLVRYNFAGKKILDAAVD 
LPFALPTSVAGLTLATVYGDEFFIGQFLQAQGVQWFTRLGWIAMIFVSFPFWRTMQP 
VMQEIQKEMEEAAWSLGASQWRTFTDVVLPPLLPALLTGTALAFSRALGEFGSIVIVSSN 
FAFKDLIAPVLIFQCLEQYDYVGATVIGTVLLLI SLVMMLAVNQLQKLARK* 



Fig.3 



Coding sequence of' CrcpSulP 

5'UTR:173 bp, Exonl : 124 bp, intronl: 77 bp, Exon2 
bp, intronll:, 279 bp,Exon3: 620 bp, intronlll : 834 
bp,Exon4:.87 bp, intronlV: 699 bp, ExonS : 327 bp, 
3'UTR: 575 bp 

Total length: 3 873 bp 

GCTTAGTACCTAAGCAAAAATACCAAAGCCTTATCCTGAGTTGTCAACAA 
GAACTCCAGCCTGCGACGATGCAAAGCCTTTCTTGAGCGGGTTGATGGAC 
ITTGCTTTGTTATCTGTCCAGTAAGCCACCAGACACTACCAAG 
ATCCATTTGTATAGGTACAGAAT ATGGAGCGAGTTTGCAGCCATCAGCTT 
GCCTCGTCGCGAGGGAGGCCATGCATCGCTGGGGTGCAGCGGTCGCCCAT 
CCGACTAGGGACTTCAAGCGTTGCTCATGTGCAGGTCTCTCCGGCAG GTA 
AGCACCGCGCTCGGCGGCGTGTACACATGGGGCCGTCAGGCCAACTGCGT 
TTGTTGGCTATGCAACCGAAACAG GCCTTGGGAGATATCAACGGCAAAGA 
CTGCAAGTCGTGGCGTCTGCAGCTGCGGCAGCGGCTTTCGACCCTCCTGG 
AGGTGCGTGGCGTGAGGGCTGCACGGGTGCGGGTTGGCCTGGAAACCAAG ■ 
CCTCGCCACGACTACCTGCAACAGGATTGCCCGCATCTCa^GCCCCTCAC 
CCTCGAGTGCCTCCCGAAGACCTCTATCCCCTGCGCATCATTGGTTCGGG 
GGCGCCGCCtGCGGGCCTTGGGCGCTGGCTACGCTGACCGCACGGCACGA 
CTTGGCACGGCCTGGCGCGGCCTGAGCGGCCCCCCCCCTCCTGATGGCCC 
CACGCTTTGCCGCCCACGCCGCTCCCCGCAG GTGTCrCCGCCGGGTTCTC 
GCAGCCGCAACAGCAGCTGCCACAACAGCACCCACGCC^CCA 
TGGCGGAGGTAGCTGTCGCCGAGTCAGTCTCGGCGCCCGeTTCTGCGGCG 
CCCTCCAATGATGGCTCGCCCACGGCCTCCATGGACGGCGGCCCCAGCTC 
CGGCCTCAGCGCCGTGCCCGCCGCCGCCACCGCCACCGACCTCTTCTCCG 
CCGCGGCGCGCCTCCGCCTGCCCAACCTCTCCCCCATCATGIACCTGGACC 
TTCATGCTCTCCTACATGGCCTTCATGCTCATCATGCCCATCA^^ 
GCTGCAAAAAGCCTCGCTCGTGCCGCrCAACGTCTTCATCGCGCGCGCCA 
. CCGAGCCGGTGGCGATGCACGCCTACTACGTCACCTTCTCCTGCTCGCTG 
ATCGCGGCCGCCATCAACTGCGTGTTTGGCTTCGTGCTGGCCTGGGTGCT 
GGTGCGCTACAATTTCGCGGGGAAGAAGATCCTGGACGCGGCGGTGGACC 
TGCCGTTCGCGCTGCCGACCTCGGTGGCGGGCCTCACGCTTGCCACGGTG 
TACGGCGACGAGTTCTTCATCGGCCAGTTCCTGCAGGCGCAGGGCGTGCA 
GGTGCGTGCGTATAGCATAGTGGAGTGTGGTTAGCAGCTGGGGGTCCGGC 
AGTAGTTCCCGCCCTAGTGAGGTCGAAACTATACCAGAAGAAGAGGACGA . 
ACATGGGGCTATCCAGCAAGCTCGTCTAGGGAAGGAGGAGTTTGGGAGAA 
CGGTGGGGTGGGAGGGAGAGGGAGGGCGTTGGCTGGGAGGGAAGGGTAAG 
GCGGGAGGGAGATGGTAGCACGGGGCGTTGGGGACGCAGAAGGATGACAG 
GCGGCTGCAGGGAAGGGATGGGGAAGCGGAGCTGGGGACAGTGCGAAGAG 
CCGGGAGAGAGGGGAAGTTTGAGTCAGGAAGAGGGGCTAGAGAGGGGCAT 
GCGGACTCCTGCTGGGATTTAGGTGCGTGCTCATTGAGGAGCCCTTGGAA 
TCAGCGGACGGAAACGTGGCCGACGGGGTCTGCCGAGCACACCAGGCTAG 
CTAGACGCGCGGTTGGGCAACGAGCAGAGCTGCTGTGCGGCTATGGATGG 
AAGGCGATGCAGCGAGCATGTGCAGTGAACATTGGTTTGAGGACAGGGGA 
CTCCGAGGTTGCATAGGCGGGCCGCCACTGTCTCTGCCGCTAGGGTGACT 
AGCTGCCTCGAACCTGGCGGTGGCCCCATACCCGCAGTTGGAGGATGCTC 
CACGCGCTTCAGCTTGCCATGTCTGGGGTCTGGGTCTGGACGCJA 
GTGTGAGGGTCCAACTCTATATGGAATTATGGATACCTTCCAACTACCAG 
CACGTAGGCTGCCGGAACGCGGCTGAAGCGGCTGGCCTGCCCCCTCATCC 
TCTCGTTCCCCTGTCTTTGTCCCCTGTCCACCCAG GTGGTGTTCACGCGG 
CTGGGTGTGGTGATCGCCATGATCTTCGTGTCCTTCCCCTTCGTGGTGCG 
CACCATGCAGCCCGTCATGCAG GTGAGAGCGCCCAGGAGGCGGAGCCATG 
GCGGGTTGGGGCGGGTTGGGGCGGGTTGGGGCGGGGCGCGGATGGGGCGG 




CTTGGGGAGTAATGTGGGGCGGATGGGGTGGCAGCCTGGCAGGGTATGGG 

AGCGAGAGGATAGCGGGGACAGGGGACAGGGAAGGGAAGGGAAGGGGAAG 

GATGCCCTATGCGAGCAAAGGGGGTATGGGAACCGGCGGTTGGGGCTGGG 

AGCGACGGGAGCAGGGAGGGAGTGCACGGAACGGGGGCAAGGCGGACAGG 

GTGAGGGAGGGTGCAGGCCGGACTGGGATGGGTCATGTGTCCTGGTCGGG 

GGTGTAGCCGTGGGAGGCGGGCAGGCAGCGTGTGTTCTGGCACGGTGTTT 

TGGCGAAAGATACCACGGCATGGTATGGGGCCAGTTGGGCAGGGAAGAAC 

CGTTGGACACGACTTCGTTGACAGATCTAGTTCATTGCACCCGGGTCGCA 

CCAAGGGTGGCGGCGAGCCCGGCCCGGCACGTCCGAGTACCCCGGAGCCG 

TAACGCCGCAACCCGCCTTGTTGCGCCCCTTCCCTGCTCCCCTGCTCCGC 

ATACCGTGCACCATGCCCTCTGCCGCCCCCTCAGGCCCTCAGGCCCTCAC 

CrCCCCCTCACCTCCTCCTAACGCCTTCCCCTCGCCTTCCCTTCCCCTCC 

CAACGCCACCACGTGCAACAG GAAATCCAAAAGGAGATGGAGGAGGCGGC 

ATGGTCGCTGGGCGCCTCGCAGTGGCGCACCTTCACAGACGTGGTGCTGC 

CGCCGCTGCTGCCCGCGCTGCTGACCGGCACGGCACTGGCCTTCTCGCGC 

GCGCTTGGCGAGTTCGGATCCATTGTCATCGTGTCCTGCAACrTTGCC^ 

CAAGGACCTGATCGCGCCCGTGCTGATCTTCCAGTGCCTGGAGCAGTACG 

ACTACGTGGGCGCCACCGTGATCGGCACAGTACTGCTGTTGATTTCGCTG 

GTGATGATGTTGGCGGTGAACCAGCTGCAGAAGCTGGCGCGCAAG TGAGG 

GGCTGAGGCGTTTGAGGAGAGTGGGCGTCTGCGGAGGCGCTTGTGGCGGA 

GGGGCAGGTGGAGGAGGTTGCAGGGTGAGGCAGGAGTGGCA.GGTGGTGGA 

GGGTGCAGGGCGGGGTGTTGGGATGGGATGGGATGGGACCCTGGGAGGGG 

TGGGACTTTGGGTGGGTGGGAGTGGGTGCTACGTATTAGGATATGGGAGG 

TGGTATGCAGTTGAAGGGGGGGGTGGCAATCTGGACGGGGACTCACTGTT 

TACTAGGCACGCATGTCGCAGGAGTGGATATCGATGGGTGTGGGGATGTC 

AGCACGCTTGGCTTGAGTTGGGCCATGGGACCCGGGACTAGGCTTGGTTG- 

CGAGCCGAGCCAGTCACCAGGGAGACGTACGAGCGCAdliCAGTGATTACG 

GGGATTGATTAGGCGGCGAATTGACGCAAATCCACGGGGGCTGTGGCTTG 

GGGGAGGCAGGGATTGAGCGAAGGACGCACTGCAAGCTCAGGCAGTCGCA 

TGCCCGTACCCTGCTTCTGGTCCAGTGTGGAGACAAGACTGGCAATCGTG 

GTCCTTTGCAATTCATGGCGCGC 



Fig. 




Full length cDNA sequence of CrcpSulP: 1984 bp 

GCTTAGTACCTAAGCAAAAATACCAAAGCCTTATCCTGAGTTGTCAACAAGAACTCCAGC. 
CTGCGACGATGCAAAGCCTTTCTTGAGCGGGTTGATGGACTTTGCTTTGTTATCTGTCCA 
GTAAGCCACCAGACACTACCAAGTAGAGTAATCCATTTGTATAGGTACAGAAT 
ATGGAGCGAGTTTGCAGCCATCAGCTTGCCTCGTCGCGAGGGAGGCCATGCATCGCTGGG 
GTGCAGCGGTCGCCCATCCGACTAGGGACTTCAAGCGTTGCTCATGTGCAGGTCTCTCCG 
GCAGGCCTTGGGAGATATCAACGGCAAAGACTGCAAGTCGTGGCGTCTGCAGCTGCGGCA • 
GCGGCTTTCGACCCTCCTGGAGGTGTCrCCGCCGGGTTCTCGCAGCCGCAACAGCAGCTG 
CCACAACAGCACCCACGCCAAGCACAGGCGGTGGCGGAGGTAGCTGTCGCCGAGTCAGTC 
TCGGCGCCCGCTTCTGCGGCGCCCTCCAATGATGGCTCGCCCACGGCCTCCATGGACGGC 
GGCCCCAGCTCCGGCCTCAGCGCCGTGCCCGCCGCCGCCACCGCCACCGACCTCTTCTCC 
GCCGCGGCGCGCCTCCGCCTGCCCAACCTCTCCCCCATCATCACCTGGACCTTCATGCTC 
TCCTACATGGCCTTCATGCTCA TCATGCCCATCACCGCGCTGCTGCAAAAAGGCTCGCTC 
GTGCCGCTCAACGTCTTCATCGCGCGCC<:CACCGAGCCGGTGGCGATGCACGCCTACTAC 
GTCACCTTCTCCTGCTCGCTGATCGCGGCCGCCATCAACTGCGTGTTTGGCTTCGTGC^ 
GCCTGGGTGCTGGTGCGCTACAATTTCGCGGGGAAGAAGATCCTGGACGCGGCGGTGGAC 
CTGCCGTTCGCGCTGCCGACCTCGGTGGCGGGCC TCACGCTTGCCACGGTGTACGGCGAC 
GAGTTCTTCATCGGCCAGTTCCTGCAGGCGCAGGGCGTGCAGGTGGTGTTCACGCGGC 
GGTGTGGTGATCGCCATGATCTTCGTGTCCTTCCCCTTCGTGGTGCGCACCATGCAGCCC 
GTCATGCAGGAAATCCAAAAGGAGATGGAGGAGGCGGCATGGTCGCTGGGCGCCTCGCAG 
TGGCGCACCTTCACAGACGTGGTGCTGCCGCCGCTGCTGCCCGCGC TGCTGACCGGCACG 
GCACTGGCCTTCTCGCGCGCGCTTGGCGAGTTCGGATCCATTGTCATCGTGTCCTCCAAC 
TTTGCCTTCAAGGACCTGATCGCGCCCGTGCTGATCTTCCAGTGCCTGGAGC^^ 
.TACGTGGGCGCGACCGTGATCGGCACAGTACTGCTGTT.GATTTCGCTGGT^^ 
GCGGTGAACCAGCTGCAGAAGCTGGCGCGCAAGTGA 

GGGGCTGAGGCGTTTGAGG AGAGTGGGCGTCTGCGGAGGCGCTTGTGGCGCAGGGGCAGG 

TGGAGGAGGTTGCAGGGTGAGGCAGGAGTGGCAGGTGGTGGAGGGTGCAGGGCGGGGTGT 

TGGGATGGGATGGGATGGGACCGTGGGAGGGGTGGGACTTTGGGTGGGTGGGAGTGGGTC 

OTACGTATTAGGATATGGGAGGTGGTATGCAGTTGAAGGGGGGGGTGGCAATCTGGACGG 

GGACTCACTGTTTACTAGGCACGCATGTCGC AGGAGTGGATATCGATGGGTGTGGGGATG 

TCAGCACGCrTGGCTTGAGTTGGGCCATGGGACCCGGGACTAGGCTTGGTTGCGAGCCGA 

GCCAGTCACCAGGGAGACGTACGAGCGCACACAGTGATTACGGGGATTGATTAGGCGGCG 

AATXa^^CGO^TCCACGGGGGCTGTGGCTTGGGGGAGGCAGGGATTGAGCGAAGGACGC 

ACTGCAAGCTCAGGCAGTCGCATGCCCGTACCCXGCTTCTGGTCCA 

CTGGCAATCGTGGTCCTTTGCAATTCATGGCGCGC 
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Nephrcselmis 

Mesostigrr.a 

Chlamydcmonas MERVCSHQLASSRGRPCIAGVQRSPIRLGTSSVAHVQVSPAGLGRYQRQRLQWAS^iAAA SO 

Chlorella ^ 

Syn.PCC7942 

Marchantia . r . ' 

Bacillus 7 

Nephroselmis - MFDPKSLD- 8 

Mesostigma ■ MN" 2 

Chi amydoruonas AAFDPPGGVSAGFSQPQQQLFQQH PRQPQAVAEVAVAESVSAPASAAPS^^DGSFTASHDG 12 0 

Chlorella 

Syn.PCC7 54 2 - - MSLR- 4 

Marchantia - - -MIPLFFIP- 8 

Bacillus — - - MKSVR- 5 



McDhroselmis SGSRSILTMraRLVSWAVJAJ^TLMYMLVSLILPIGALLQICS SQ 5 0 

Mesostigma -YFSK LSCSWRITLGYLLFMLILPITuALLSEtASQ 3S 

Chlamydcmonas GPSSGLSAVPAAATATDLFSAAARLRLPNLSFI ITWTFMLSY^lAFMLIMPITALLQKASL ISO 

Chlorella MKRYPTFIKNSILLFYFFFULILPVWLFLLIFQ 34 

S'>m.PCC7342 LPSLSFTWLTR--L3WSV?RFTWVYLTLILFIPIIALFLKSAS 44 

Marchantlia ■ --?FIILFITKGK5T?.FLT^KFHLVIACALHYGTFILALPIFFLLYEa'K.Q 54 

Bacillus SWKNHNIL?G--FGLSLGFTrWjirLGILVLLPLSMVFINTSS 44 



Ne-ohros eltni s ES VSEFVS lATAPVAMSAYAVTLS SAL I AALLNGVPGIilAV^VL^/RYEFPGRP^LDAAVD 110 

Mesostigma ELFSNFWSIAMS?AAIYAYSITLSMALIASI\T^GIFGIFIAWILVRYI'IFPGKRIVTIAAID -95 

Chiatny domonas V? Ljr/F lARATE P VAMHA Y YVTFS CS L lAJ^A I NC7FGFVIAv^/LVRYN F AGKK I LDAA^/D 24 0 

Chlorella ISn^JWHEVIjRKATDPIAVSAYLLTVQr-lAFYAALVriS I FGFI ITW--/LTRYQFWGREFI.DAA'-/'D 94 

Syn . PCC7942 LPLGRIWELATQPVAVAAYEVTFGLSLAAAAL^IGVFGVIIAWVLTRYDFPGKKLFDSFID 104 

Marchanc ia QPWTI LLQTALS P V^/LSAYGFTFLTAJLLATI INAI FGLIU^WVLVRYEFPGKKIiDATVD 114 

Bacillus MGWQAFVIQAITS?R''/LASY?XSFGAAIIAJ.SINAVFGLLIA/r/LVRVHFPGKRI IDGLTO 104 

Nephroselmi s L?FAL?TSVAGLTIATVYSDQGWIGTWLSSO>?IQVAFTRXiG\miJVMLFVS F PFv'^/RTLQP 17 C 

Mesos t igma LPFALPTSVAGLTLAT^/YSEKGWIGHFLQSLS 1 1C-/VFTKLGVGVAMI FV3 FPFV^/RTLQ? 1 5 S 

Chlamydcmonas ' LPFALPTS^/AGLTLATVYGDSFFIGQFLQAQGVQVVFTFliGWIAMIFVSFPFWRTOQP 3 GO 

Chloral la L?FALPTSVAGLTLATVYGDC<5WIGSLFNLFGFQIVFTKIG'vLIjy<4IFVSFPFVIRTLQ? 154 

Syn. PCC7G42 LPFALPTAVAGLTLATVYSDKGWIGQFIAPFGVQIAFTRWGVLLAMVFISLPFV^/RTVEF 164 

' Marchantia L?FALPTSVGGLTIIMTVF^TDKGWIKPICSWLNIKIVFNPIGVLLA^lIFVSLPr^^/RTIQP 174 

Bacillus • L?FALFTAVAGIALTTLYTTNGWIGQYLE\'TGIRIAFTPLGVIVALTFIGLPFVVRMVQP 164 



Neohroseltni s '/LQDMERELEEAAWSLGASPFNTFLR^/LCPPLMPAMMTGIAIAFSRAVGEYGSWIVSGN 23 0 

Mesostigma v^QDXEKELE£AAWSL'3ASSWTTFWKVIFFSLI?SLLTGIALAFSRAVGEYGSVVIIASN 215 

Chlamydcmonas VMCEIQKEMSEAAWSLGA3QVJRTFTD^An:.PPLL?ALLTGTALAF3FALGEFGSIVIVSSN 3 60 

Chlorella VLQEMEKSLESAAWSLGASSWETFRKVILPTLWPALFTGFTLSFSRALGEFGSIVTIISSM 214 

S'vn.PCC7S42 LLLELE^/EAEEAAASLGASPSSTFWRVILPPILPG'/LAGVACGFSRAVGEFGSVt/IISGN 224 

Marchantia VLQ^^^^EEDLESAAWCLGASPWTTFWHILFPPLT?SLLTGTTLGFSPALGEYGSIVLIASN 234 

Bacillus VLQGIEKELSSASACLGAWRLQTFSKI IFPTVLPALLTGFALAFARALGEYGSWFISGN 224 
:: ::' ***■; ** .. * . » ...+ . .*;**:♦*:**:*:::.* 

Mephrcselmis ' rPFQDIiIAPVLIFQRiJEQYbYSGATVIGTWLLISLTLLIAINWIQA5^TRKFLG- 284 

Mesostigma I PFKDLTAPVLIFQEa.EQYDYTGATVIGTVILSISLFILVGINI IQSLNQMYSK- 259 

Chlamvdomcnas FAFKDrjIAP^/LIFQCLEQYDYVGAT\/'IGT^/LLLI3LVr^!MLAWQLQKLA-R-K 411 

Chlore 11 a LPFPTiLVASV-LI YOSLEOYDYLGASVIGA^-TnTLL Z ALFTLLLINAFQIMItFRV 266 

S\Tl. FCC7942 LPFDDLIAPVLIFERLEQYDYAGA•TVIGSVLLLFSIJVILF^/INALQ^TWSSRY^JG- 278 

Marchancia I PMKDLVIS^/LLFQKLEQYDYKSATIXASF^/LIISFTAliFFINKIQLWKKTFHK- 233 

Bacillus LPMQTEITPLLIMTKLEQFDYAGATAU^AVMLI I S FFr^LFINILQWWSQRKQLS 27 9 



Nephroselniin olivacea (chloroplast) 



Mesostigma viride (chloroplast) 

Chlamydnmonas reinhardtii (miclear) 

Synechococcus sp. FCC 7942 

Bacillus halodurans 



Marchantia polymorpha (chloroplast) 

Chlorella vulgatis (chloroplast 
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Figure 19 



CATTCAATTTGCAGCGTTCCTAAAATGGCAAGCACAACGCTGCTCCAGCCCGCGCTTGGTCTGCCCTCGCGGGTAGG 
GCCTCGCTCCCCTCTGTCGCTTCCCAAAATTCCTCGCGTGTGCACGCACACTAGTGCTCCCTCTACCTCAAAGTACT 
GCGACTCATCATCAGTTATAGAGAGCACGCTAGGGCGGCAAACATCGGTTGCCGGGAGACCATGGCTTGCACCCCGa 
CCTGCGCCTCAACAAAGCCGAGGCGACCTACTGGTCTCCAAATCGGGGGCAGCAGGAGGCATGGGCGCCCATGGAGG 
GGGCTTAGGGGAACCGGTCGATAATTGGATCAAGAAGCTACTCGTTGGTGTCGCGGCGGCGTACATCGGCTTGGTCG 
TGCTGGTGCCCTTCCTGAATGTCTTCGTCCAGGCGTTCGCCAAGGGCATCATTCCCTTCCTGGAGCACTGCGCGGAC 
CCGGACTTTCTGCACGCACTCAAGATGACGCTGATGCTGGCGTTCGTGACGGTGCCGCTCAACACGGTGTTTGGCAG 
GGTGGCCGCGATCAACCTCACGCGCAACGAGTTCCCCGGCAAGGTGTTCCTGATGTCGCTGCTGGACCTGCCCTTCT 
CCATCTCGCCCGTGGTGACTGGCCTGATGCTCACGCTGCTGTACGGCCGCACCGGCTGGTTCGCGGCGCTGCTGCGG 
GAGACCGGCATCAACGTGGTGTTCGCATTCACGGGCATGGCCCTGGCCACCATGTTTGTGACGCTGCCGTTCGTGGT 
GCGCGAGCTGATCCCCATCCTGGAGAACATGGACCTGTCGCAGGAGGAGGCGGCGAGAACGCTGGGGGCCAACGACT 
GGCAGGTGTTCTGGAACGTGACGCTGCCCAACATCCGCTGGGGCCTGCTGTACGGCGTGATCCTGTGCAACGCCCGA 
GCCATGGGCGAGTTCGGAGCCGTGTCCGTCATCTCGGGCAACATCATCGGCCGCACGCAGACGCTGACGCTGTTCGT 
CGAGTCCGCCTACAAGGAGTACAACACGGAGGCGGCGTTCGCGGCGGCTGTGCTGCTGAGCGCGCTGGCGCTGGGCA 
CCCTGTGGATCAAGGACAAGGTGGAGGAGGCGGCGGCGGCGGAGAGCCGCAAG TAGA GAGGAGCAGGCGGCGTCGGC 
AGCGGCGGCAGTGGCAGCGGCAGCGGCGGAGAGCGGCAGCTGGAGAGGAGCAGGCGGTGGCGGCGGAGCGGCGGAAA 
TAGAGAGGTGCAGCAAGGAGGCAGGCGCCGACGCGAGGGGAGGGCGTGGTGGTGGGCTTGCGTGGGTGCTTGGTCCG 
TGGCCAGGGTGCCTGGCCTGGGTAGTTGGTGTGTGGGTGAAGCTGATTCCTGTTTGGGTGAGGCGGCCGAGTTCCTG 
AAGGAAGCAAGGAAGGACAGTGCCGCAGTGACCAGCGGGTAATGGTAAGGGAGCTGACACGTGTGGCGTTCTGTTGC 
TGGTCGCCGCATGCTTAACGCAGCGGGAGCAGCTTCTCTGTCTGATGTCTAACGGGGGCGTTGTATGCTGATAATAG 
ACGGAGGGCGAAGGGAGCAGGCGCGGTTCAGATGGGGTAAAAGCTGTTGGAAATCAACACGTGCAGCGGGTGGGTTG 
CATTTGTGATCACTGGACGTTCTGAGTGGTCCGTGCGCCTATAGCGCGTGCTGTGCATATATACGCGCGCCGGCGCA 
TAAAACATGACTGCATGTGTCGGTGTTGACGGTACAGTTATGCCGTGCCCCGTTTTACAAGCGGGATAGAGGCACAC 
TCCACGTAGTATGCATTGAGCCCAGTAGACTCTGGTCAGAAGGCCGGTAAATTTACATGTGTCGTGGTGAACCCTGT 
AAGTCATGGCCCAAG 



Fig. 21 



GTACTTCAATTGTCAGA ATG GCGTCGCTGCTCGCTCAAACAACATCGCGCCTTGGCGCTCGCCCAGCTGCGCAAGCT 
GGCCCTGTCGCCCAAATGGCACCGATGGCAAGCCGAGTGCAGCCGGCGATGCCTAGCGCGCTGCTCCCACTGCACGC 
CAGAGCGACAACAACTTCAGTCGCTTGCCGGGCAGCCAGCATCGACAAACCTGTCGTTTACACTCCTCGAGATTCGT 
CGCAACAGTCCTCCAATGGGGCAGGAGAAGTGTCCATGTCCATATCATCCATGGACGAGGTTGGACCCTCTTATGAG 
GGAATCATTACAGACGCGCCTACACGACCAACGGGGCTTTATGTGCGGGTGCGCAACATGGTGAAGCACTTCAGCAC 
CGCCAAAGGCCTGTTCAGGGCGGTGGACGGCGTGGACGTGGACATCGAGCCCAGCTCCATCGTGGCGCTGCTGGGGC 
CCAGCGGCAGCGGCAAGACCACATTGCTGCGCCTCATTGCAGGCCTGGAGCAGCCCACGGGCGGCAACATCTACTTT 
GACGACACGGACGCGACCAACCTGTCCGTCCAGGACCGCCAGATCGGCTTCGTGTTCCAGAGCTATGCGCTGTTCAA 
CCACAAGACAGTTGCGGAGAACATCAAGTTTGGACTGGAGGTGCGCAAGCTCAACATCGACCACGACAAGCGCGTGG 
CGGAGCTGCTGGCGCTGGTGCAGCTCACCGGCCTGGGCGACCGCTACCCGCGCCAACTGTCGGGCGGCCAGCGGCAG 
CGTGTGGCGCTGGCGCGCGCCCTGGCCTCCAACCCGCGGCTGCTGCTGCTGGACGAGCCCTTTGGCGCGCTGGACGC 
GGTGGTGCGCAAGCAGCTGCGCACGGGGCTGCGCGAGATCGTGCGCAGCGTGGGCGTGACCACCATCATtGTGACGC 
ACGACCAGGAGGAGGCGTTCGACCTGGCGGACAAGGTGGTGGTGTTCAACAGGGGCCTGGTGGAGCAGCAGGGCAGC 
CCCACCGAGATCATCAAGCGGCCGCGCACGCCCTTCATTATGAAGTTCGTGGGCGAGACCAACGTGGTGCCGGCCAC 
GTCGCTGCTGGCCAAGCGCATGCGCTTCAACACCTCCAAGACCAGCGTCATGTTCCGGCCGCACGACATTAAGCTGT 
TCAAGACGGTGCCGCCGGAGAGCGGCGAGGGCGCGCTGACCACGGTGGGCGCCAACGTGGCGGACAAAGCCAACCTG 
GGCTGGGTGGTCAAGTACACGCTGCGCTTCGATGACGACGTGGAGTGCGAGCTGCAGCTCAGCCGCGACCAGGACGA 
GCGCGAGTACAACCTGGTGGTGGGCAGCCGCGTGTTCGTGCACGTGCCGCACCGCACCATGATGGGCTTCAACGCCA 
GCGACGTGGACAGCACGCCCATCGTG TAA TGTGCGGGGTTGGCGGCTGTGGCCAGCGATTGTTGCAATGCAGTCCAG 
CGTGCTCTTGGTTTGGTTCCAGTGACACCCATCCAGGGCACAGGTCCCTGAGCAGCGGGTGTTGGTGATGGGTTGGA 
GCAGTTGTACCCGATTCTCGCATGCAAGGGGGCGGGGCGCCCACGGGGTGGGAGAGCGGAATGGCGGTGAGGTGGGC 
TACTGCATGCGGCCGTGGAGGAACGGAGGGGTGCACAGGCGGGCAGGTAGACAGGCGGAGCGGGCTGGGTGAGCGGG 
GCTGTAGTTTGGGGGTGGAGGCCGTGCAGACTGGTTGGGATACTGACAGATCAATGAGCGGCGTCTGCTCCATGGGT 
CAGTAGGAGAGCGGTGTGGGTGTGTGCAGTTGCGAGTTCTGGAGCGTTGTGCGCCTCGCGCTGTGTGCGCGCGCCCG 
TGCGTCTGCGGGCGCTGTCGGAGACGGGCGATGTACATGAAGCTGGACCTGGGCCTGTCTCACAAATATCCCTTATG 
TTAATAGTAGGATGTCGCAATCGTGCCTTGGAGCCCACCTGATGTGTGTGTCACAGGTGGCAGTAGTTTGGCCTTGC 
GGGAGGTAGCACGTCTTTCATGAGAGTGCGTGTGCGTGACCGCTTTTACATTGCCAATCACGCTGGAAGGTGAAACC 
ATGCATCATGCGTGCTATCAGGAGATGCAGACGGCGGATTGCTGCCAAAATGTTCTGTTGTTGGTGTGCAGACTTGG 
TGGCGAAGGGGCCAGGCGCCCAGGGGTATGCTGCGTGCCAAGGAGCTGCTGCCGCCACGAGTGACCAGCGAAACTTG 
TAAATTGAATATTGTATCCT 
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GGGCAGCGTATAAGTAATGTCGTTCTTGGCTCCCAGCTTAGGCGTCGCGCGGGGGATTCTGGAGCCGGCGAGTGCAG' 

CGAGGCCGCCTGCGCACGCGGCCGGTCACGCACCCGTTCTAACAAGCGATAGGACTGGTGGACCTGCCGCTAATCAT 

GACAGGCCTGCCGGTGCTCCCAGCCCCCATGCGGCGTCGTTGACGCCCTCCAGCAGCGGGCAAGCAAGCCAGCAAGG 

CGACCCCCAGCGCTCGCAGCACCAGCAAGCGCAGCGCCAGGACCAGCAGCAGTCGCAGTCGCGGTCGCTCCAATCAC 

ACCTCATCACCGCGGCCACGCTGCTGCCAGCCCTGCCGCCTCCGCCTCCCGGCGGCAACGGCGACGGCGATGGCGGC 

GAAGCTGCGGGGCCGCAGCCGCTCGCGGACGTCGCGGCTCAGCCGCCGGAGGTTGTGCTGACGCTGGCGTCGTTCGC 

GGTGACCAAGCTGGCGTACGTGCGTGTGACGCGCGCGTTCCGGGAGTGGTACGAGCGCACGAAGGGCGTGGATGTGC 

GCTTCCGCCTCACCTTCGCCGCCAGTGGCGTGCAGGCCCGCGCCGTGATCGATGGCCTGCCCGCCGACATCGTGGCC 

CTGGCGCTGCCTCTGGACCTGGACAAGATCGTGTCGGCGGGGCTGATCCGGCCCGACTGGCGCAGCGCCTACCCGGC 

AGCCAGCGTGGTGTGCGAGACCACCGTGGCGTTCGTGGTGCGCCAGGGCAACCCCAAGAACATCCGCACCTGGGAGG 

ACCTCACGCGGGCGGGTGTGGAGGTGGTGCTGGCCAACCCCAAGACCGCCGGAGTGGCCAGGTGGATCTTCCTGGCC 

CTGTGGGGCGCCAAGATGAAGAAGGGCAACGCCGCCGCGCTGGCGTATGTGCAGCGCGTGTTCGAGAACGTGGTGGT 

GCAGCCGCGTGATGCGCGCGAGGCGTCGGACGTGTTCTATAAGCAGAAGGTGGGCGACGTGCTGTTGACGTACGAGA 

ACGAGGTGATCCTGACCAACGAGGTGTACGGCGACAAGGCGCTGCCGTACCTGGTGCCCTCCTACAACATCCGCATC 

GAGTGCCCGCTGGCGCTGGTGGACAAGGTGGTGGATGCCCGCGGCCCCGAGGTGCGCGAGGCGGCGTCCGAGTTCTG 

CCGTTTCCTGTTCACGCCCGCGGCGCAGCACGAGTTCGCGCGGCTGGGCTTCCGCGTGAACCCGCGCACCTGCAAGG 

AGGTGGCGGCGCAG.CAGACCGGACTGCCGCCCGCAAACCTGTGGCAGGTGGACAAGGAGCTGGGCGGCTGGGCTGCG 

GCCCAGAAGAAGTTTTTCGACGCTGGCGCCATCCTTGACGACATCCAGTCCGCCGTGGGCAAGCTGCGTGTGGAGCA 

GCGCAAGGCGGCGCAGGCGGCGGCCAGGCGGTAGAGAGACGCGGTACAAGTGCTCGGGTGCTCAGCAGGAGCTGCAG 

CAGGGGCAGCAAGAGGGCCTTGACAGGAGGGAATGGTAGGCAAAGGCGGCAGGGGAGGCGGGATGGCGGGATGAAGT 

GAGGGTGTGCAAGCAGCGATGTGTGCCAAGGACGGTGTCGGCGATGTACATGATAACATGAGGAGACAGGAGCATCT 

CCTGGCAGGAGGCGGCAACCGTGGAGTGTCTGAAAGGAGAACTTGATTGCTCAGTGTGGGACAGATAACGGAGGGCG 

GGGTGTGGGGCGTGGGGCTTATCGGTGTGCTTCTATGGGGAGGCCTGACTGCATTGGGGGCGACGTAGTGTGATGGC 

CGCTACACGCTTGCTCGGAACTGACATAAACAGGCGTTCAGGCCATGGCTGCATGAGGCTTGATGTCGTATCGCGGA 

CTGTC 
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MASTTLLQPALGLPSRVGPRSPLSLPKIPRVCTHTSAPSTSKYCDSSSVIESTLGROTSV 

AGRPWLAPRPAPOOSRGDLLVS KSGAAGGMGAHGGGLGEPVDNWIKKLLVGVAAAYIGLV 

VLVPFLNVFVQAFAKGI I PFLEHCADPDFLHALKMTLMLAFVTVPLNTVFGTVAAINLTR 

NEFPGKVFLMSLLDLPFSISPWTGLMLTLLYGRTGWFAALLRETGINWFAFTGMALA 

MFVTLPFVVRELIPILENMDLSQEEAARTLGANDWQVFWNVTLPNIRWGLLYGVILCNAR 

AMGEFGAVSVI SGNI IGRTQTLTLFVES AYKEYNTEAAFAAAVLLSALALGTLWIKDKVE 

EAAAAESRK* 
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MASLLAQTTSRLGARPAAQAGPVAOMAPMASRVQPAMPSALLPLHARATTTSVACRA A 
SIDKPWYTPRDSSQQSSNGAGEVSMSISSMDEVGPSYEGIITDAPTRPTGLYVRVRN 
MVKHFSTAKGLFRAVDGVDVDIEPSSIVALLGPSGSGKTTLLRLIAGLEQPTGGNIYF 
DDTDATNLSVQDRQIGFVFQSYALFNHKTVAENIKFGLEVRKLNIDHDKRVAELLALV 
QLTGLGDRYPRQLSGGQRQRVALARALASNPRLLLLDEPFGALDAWRKQLRTGLREI 
VRSVGVTT 1 1 VTHDQEEAFDLADKVWFNRGLVEQQGS PTE I IKRPRTPF IMKFVGET 
IWVPATSLLAKRMRFNTSKTSVMFRPHDIKLFKTVPPESGEGALTTVGANVADKANLG 
WVVKYTLRFDDDVECELQLSRDQDEREYNLVXGSRVFVHVPHRTMMGFNASDVDSTPI 
V* 
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MSFLAPSLGVARGILEPASAARPPAHAAGHAPVLTSDRTGGPAANHDRPAGAPSPHAAS 

LTPSSSGQASQQGDPQRSQHQQAQRQDQQQSQSRSLQSHLITAATLLPALPPPPPGGNGD 

GDGGEAAGPQPLADVAAQPPEWLTLASFAVTKLAYVRVTRAFREWYERTKGVDVRF 

RLTFAASGVQARAVIDGLPADIVALALPLDLDKIVSAGLIRPDWRSAYPAASVVCETTV 

AFWRQGNPKNIRTWEDLTRAGVEVVLANPKTAGVARWIFLALWGAKMKKGNAAAL 

AYVQRVFENWVQPRDAREASDVFYKQKVGDVLLTYENEVILTNEVYGDKALPYLVPS 

YNIRffiCPLALVDKVVDARGPEVREAASEFCRFLFTPAAQHEFARLGFRVNPRTCKEVA 

AQQTGLPPANLWQVDKELGGWAAAQKKFFDAGAILDDIQSAVGKLRVEQRKAAQAAA 

RR* 
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Chloroplast Sulfate Transport System 
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